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Ruthenium z e o l i t e  A was synthesized by several techniques from e i t h e r  RuCl o r  
[Ru(N$) C11C12. i s  descrqbed 
below. % i r s t ,  z e o l i t e  A i s  synthesized i n  t h e  presence o f  R u b  by simple 
add i t i on  o f  t he  ruthenium s a l t  t o  a standard z e o l i t e  A s y n t h e s d  ge l .  The 
r e s u l t i n g  rutheniumzeol  i t e  A was c r y s t a l 1  ized i n  approximately 2 hours under 
autogeneous pressure a t  95OC. Next, a p o r t i o n  o f  t h e  ruthenium-zeol i te  A was 
added t o  another z e o l i t e  A synthesis ge l  t o  serve as a " c a r r i e r "  o f  ruthenium and 
as a "seedtf f o r  t h e  synthesis. Ru then iumzeo l i t e  A was recovered from t h e  
"seeded" synthes is  and exchanged w i t h  CaCl f o r  t h e  two reasons: (1) t o  remove 
exchangeable ruthenium from t h e  surface 03 t h e  z e o l i t e  ( i n t r a z e o l  i t i c  ruthenium 
w i l l  be t o o  l a r g e  t o  exchange o u t  o f  t h e  a-cage), and (2) t o  p lace t h e  z e o l i t e  A 
i n  I t s  most s tab le  form ( t h e  calcium form o f  z e o l i t e  A i s  more s t a b l e  than  NaA t o  
at tack by water a t  e levated temperatures). Th i s  RuCaA w i l l  be denoted c a t a l y s t  6. 
For  comparison, a CaA was ion  exchanged w i t h  aqueous F?uC13 and t h i s  RuCaA w i l l  be  
denoted c a t a l y s t  A. 

Table 1 shows t h e  X.P.S. and bulk chemical ana lys i s  (C.A.) data f o r  c a t a l y s t s  
A and B. Notice t h a t  t h e  X.P.S./C.A. r a t i o  f o r  i o n  exchanged RuCaA i s  14.7 w h i l e  
t h a t  o f  our synthesized RuCaA i s  0.22. Since t h e  X.P.S./C.A. r a t i o  g i ves  an 
I n d i c a t i o n  o f  t h e  amount of ruthenium i n  t h e  s u p e r f i c i a l  regior, r e l a t i v e  t o  t h a t  
i n  t h e  bulk, i t  i s  obvious t h a t  c a t a l y s t  B con ta ins  i n t r a z e o l i t i c  ruthenium. 

The c a t a l y s t  was heated 
t o  150 C i n  f l ow ing  He f o r  several hours t o  p a r t i a l l y  dehydrate t h e  z e o l i t e  be fo re  
reduction. a t  27SoCI 2.25 atm. I n  
order  $0 reduce t h e  ruthenium. F ina l l y ,  1:l CO:H2 was cogtacted w i t h  t h e  c a t a l y s t  
a t  255 C, 2 atm. (2.1 g cata lyst ,  F = 6.5 ml/min). 

F igu re  1 shows t h e  start-up behavior o f  c a t a l y s t  6. No t i ce  t h a t  t h e  
product ion o f  a l l  hydrocarbons o the r  than Cs pmceeds through a maximum. Also. 
these maxima do n o t  occur a t  t h e  same time. F igu re  2 i l l u s t r a t e s  t h e  hydrocarbon 
product d i s t r i b u t i o n  f o r  over 10 hours o f  con tac t  w i t h  syngas. I n  no  case were 
branched hydrocarbons o r  hydrocarbons o f  C8 (on l y  t races  o f  C6 and 5) or  grea te r  
observed i n  t h e  product stream (see Table 2 f o r  an example o f  an exact  product 
d i s t r l b u t l o n ) .  

An example o f  our synthes is  procedure w i t h  RuCl 

CaJalyst 6 was tested f o r  CO hydrogenation a c t i v i t y .  

Next, t h i s  mater ia l  was exposed t o  f l ow ing  H 

X-ray d i f f r a c t i o n  ana lys i s  o f  c a t a l y s t  B f o l l o w i n g  reac t i on  showed no l o s s  i n  
c r y s t a l l i n i t y ,  however. a 22% l o s s  i n  pore volume (by 0 adsorption) was observed. 
The l o s s  s t r u c t u r a l  
rearrangements o f  t h e  zeol i te .  or a combination o f  both factors .  The FTIR 
spectrum of  c a t a l y s t  B a f t e r  exposure t o  reac t i on  cond i t i ons  d i d  show new bands i n  
t h e  z e o l i t e  framework region. These a l t e r a t i o n s  suggest t h a t  changes i n  t h e  
z e o l i t e  have occurred over t h e  course o f  t h e  reaction. X.P.S. analyses of 
c a t a l y s t  8: (I) as synthesized. (ii) a f t e r  H2 exposure. and (111) a f t e r  reac t i on  
show t h a t  t h e  ruthenium was reduced by t h e  H and t h a t  dur ing t h e  course of t h e  
reac t i on  t h e  ruthenium d i d  no t  m ig ra te  t o  t h e a u r f a c e  o f  t h e  zeo l i t e .  

i n  pore volume could be due t o  adsorbed2 hydrocarbons, 
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Table 1 

XFS and Chemical Analysis Data for  RuCaA 

Ru/Si 
m d ! i s - m  !2 XeSLI;BPreDaratfon 

A 1.98 0.534 0.0363 14.7 exchange 

B 1.53 0.006 0.0276 0.22 synthesis 

Table 2 

Product Dlstributlon for RuCaA (Catalyst  E). 

T = 255'CI P = 2 atm, CO:t12 (l:l), t = 3.5 h 

Hvdrocarbon 
Methane 
Ethane 
E t h y l e n e  

Propane/Propyl ene 
1-Butene 
n-Butane 

t-2-Butene 
c-2-Butene 

n-Pentane 

- 
66.09 
2.00 
2.00 

13.30 
0.43 
2.98 
7.08 
3.65 
2.48 
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- 
36.17 

2.19 
2.19 

21.84 
0.95 
6.52 

15.15 
7.80 
6 .80 
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Figure 2: 
255 C. All hydrocarbons were linear. 

Hydrocarbon Product Distribution for Catalyst B a t  
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